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Yangtze River Fisheries Research Institute, Wuhan 430223, China. 8 Shaanxi Normal University, Xi'an 710119, China. 9 Totorri University, KoyamaMinami, Tottori, Japan. 10 School of Biological Sciences, Royal Holloway University of London, Egham TW20 0EX, UK. Reid et al. [1] analysed data from 39 third-trimester fetuses, concluding that they showed a preferential headorienting reaction towards lights projected through the uterine wall in a face-like arrangement, as opposed to an inverted triangle of dots. These results imply not only that assessment of visual-perceptive responses is possible in prenatal subjects, but also that a measurable preference for faces exists before birth. However, we have identifi ed three substantial problems with Reid et al. ' s [1] method and analyses, which we outline here. First, a number of analytical decisions render the results unclear. Unlike prior studies with newborns [2] , Reid et al. [1] did not analyse orienting responses per trial, instead aggregating across all fi ve trials per condition per subject. The resulting score is diffi cult to interpret: it counts a fetus with repeated head motion to and from the stimulus as showing a greater preference than one making a single movement and then remaining fi xated on the stimulus for the entire trial. Moreover, the presented data do not allow the reader to distinguish between consistent head turning across multiple trials and multiple head turns on single trials (although responses were rare overall -the median number of head turns towards either stimulus was 1, and 29 subjects were excluded from the fi nal sample for not showing any movement. It remains unclear whether the authors were correct to classify all nonresponding subjects as being asleep, and whether all subjects who were judged to move at least once were awake). It is thus not obvious that more head turns indicate greater preference for the stimulus. The trial-level data were not available for If one considers the number of head turns as an ordinal variable despite the problems mentioned above, only 21/39 fetuses (53.8%) turned their head more often towards the upright stimulus than towards the inverted stimulus (R code for our reanalysis is available at https:// osf.io/ctqxw/). These numbers do not provide compelling support for the face-preference hypothesis, and the unclear validity of the measure means that the statistical outcomes presented by Reid et al. [1] could potentially be spurious.
Second, the light levels may have been insuffi cient for many fetuses to perceive the stimuli. Reid et al. [1] used lasers of three different power levels for three different ranges of tissue thickness, estimating that the resulting intrauterine illuminance would range from 16-36 lx. However, using equation 2 from [3] , as used by Reid et al. [1] , and the actual maternal tissue thickness for each subject, we calculate that 10 fetuses had intrauterine illuminances below the (admittedly arbitrary) 10 lx threshold suggested as the minimum for fetal vision [3] (see our R code). Furthermore, the authors did not code whether fetuses had their eyes open, a measure that three of them had recommended in an earlier review [4] . One of the authors also previously reported that 32-36-week-old fetuses opened their eyes 1.88-6.50 times per 10 minutes (Table 9 .2 in [5] ). Assuming a total presentation time of 50 seconds (5 seconds × 5 trials × 2 stimuli), the probability of any single fetus opening its eyes even once during the whole experiment is between 0.16 and 0.54. The exact extent of light absorption by the fetus' eyelids remains a matter of speculation, but at the very least, closed eyelids would introduce another cascade of scattering to an already signifi cantly blurred image (see below). It therefore seems unlikely that more than half of the fetuses were able to view and react to both stimuli. This problem could have been avoided by including a control condition with non-task-relevant stimuli or -as the authors have themselves argued previously Third, even for fetuses that were able to see the stimuli, distinguishing the 'upright' and 'inverted' versions was likely extremely diffi cult. Reid et al.'s [1] formula to calculate light scattering in the maternal tissue (see caption to their Figure 1 ) seems to assume that a point light source is scattered once by a fi xed angle on arriving at the mother's skin surface, spreading out evenly to form a cone with the diameter of the circles shown in their Figure 1C ,D [1] (see our Figure 1A ). In tissue of non-trivial thickness, however, scattering takes place repeatedly via an essentially stochastic process (depending on the anisotropy of the tissue, g; see our Figure 1B ). Monte Carlo simulations of the shapes visible to the fetus at a tissue thickness of 26.4mm (median tissue thickness in the sample) are shown in our Figure  1 . The resulting upright shape (our Figure 1C) is diffi cult to distinguish from the inverted one (our Figure  1D ). It may still be considered 'topheavy', a shape that has been proposed to drive face preference in newborns. However, this topheavy bias depends on the relation between the inner features and the outline of a stimulus, such that it can fl ip to a bottom-heavy bias depending on the triangle's position on a background shape [6, 7] . It is unclear how the stimuli used by Reid et al. [1] fi t into this line of research, given that they have no background. Furthermore, and importantly, this bias has not consistently been found in previous studies [8] [9] [10] . Note also that half of the sample had tissue thicknesses above the one used in our simulation, making the stimuli even less distinct than those shown in our illustration. The situation is yet further complicated by the unknown refractive error of fetuses' eyes in the third trimester. Overall, then, it appears unlikely that many fetuses could have distinguished the two types of stimuli.
Reid et al. [1] investigated a fascinating question: Do humans have an innate preference for faces? To answer this, they made creative use of modern laser and imaging technology. Our aim here is to prompt deeper consideration of their method, and of how well a face-like image would penetrate to the fetus. We have described three main analytical and experimental problems. First, the dependent variables do not present a suffi ciently valid measure of visual preference to allow strong inferences from the presented results. Moreover, in our reanalysis, only around half of the subjects exhibited the effect. Second, most of the fetuses might not have been able to perceive the stimuli. Third, the upright stimulus might not have appeared face-like, and might not have been distinguishable from the inverted stimulus. The inclusion of a control condition would have lessened or obviated these concerns. The editors of Current Biology welcome correspondence on any article in the journal, but reserve the right to reduce the length of any letter to be published. All Correspondence containing data or scientifi c argument will be refereed. Queries about articles for consideration in this format should be sent by e-mail to cbiol@current-biology.com Scheel et al. [1] highlight three types of methodological concern with the work reported in our recent paper [2] , related to analytical decisions, fetal behavior, and how light interfaces with maternal tissue. Here we outline why the issues raised do not detract from our originally reported conclusions. In our view, the procedural and analytical decisions that we made in our study [2] were the most appropriate given the uncharted territory that we explored. The best test of methodological robustness of our approach would be replication by another laboratory.
Scheel et al. [1] query the analytical decisions made in our recent study [2] . These decisions are predominantly linked to the practicalities involved when attempting to implement postnatal techniques with a population still restricted by the prenatal environment. Our study [2] was the fi rst study to examine behavioral response to patterned visual stimuli in utero, and the research required some assumptions to be made about the capacity of the fetus to respond. When taking space constraints and an immature motor system into account, we determined that a fetus would not have the capacity to respond on every trial or multiple times within a single trial. Indeed, on re-examination of our original data, we found only one fetus produced two head turns within a single trial. Therefore, in the interests of study control, time constraints, and reasonable expectations of fetal behavioral response, our paradigm was devised for a fi xed, equal number of trials for both conditions so that frequency of head turns could be aggregated.
Even though the categorical analysis by Scheel et al. [1] is correct, it is a limited representation of the data. When expanding the analysis to include the data provided for head turns away from the stimulus, 32 of 39 fetuses (82.1%) provide a differential Correspondence response. Furthermore, fetuses do not typically encounter novel shapes of bright light and thus these stimuli were likely to elicit at least one reaction each. Their reanalysis is, in our view, not sensitive enough to account for the number of times a fetus persisted in their interest of the stimuli and is not appropriate when taking the nature of the population into account. For this reason, a frequency analysis is the most appropriate approach for these data, as we originally reported [2] .
Scheel et al. [1] highlight two issues with the delivery of the stimulus. First, for some participants the illuminance may be too low. Second, the stimuli were not discernable following interface with maternal tissue when using their maximum diffusion model. Based on both preliminary visual inspection of the stimuli through ex vitro tissue in addition to the fi nal dataset itself showing fetal discriminatory response, these concerns do not align with our results. The utilised light level was estimated in order to be strong enough to penetrate the maternal tissue, yet not too bright to be potentially aversive. The optimal level of light is conjectural until further work is conducted. With respect to light diffusion, even if the previously unreported assumptions of Scheel et al. [1] were correct, and the published model [3] used by Reid et al. [2] was not, the two conditions presented by Scheel et al. [1] nonetheless differentially deliver stimuli with variation between upper and lower visual fi eld. It is likely that the fetus would engage with the stimuli in a manner consistent with postnatal visual literature that shows infants treat these sorts of stimuli as they do upright and inverted faces [4] [5] [6] .
Even though three individuated dots would be preferable, Scheel et al. ' s [1] model still produces the percept needed to generate a fetal preference for the upright over the inverted condition. Further, the motion of the stimulus may well improve the percept of a coherent stimulus. Direct comparisons with postnatal studies should be made with caution. Bright red dots with a black background contrast have not been examined in infants as either static or moving stimuli (with the latter more likely
